The CERN SPS receives beam from the CPS by the continuous transfer process. The paper outlines the role of a modulated fast bump in'this process and describes the magnets and pulse generators which produce it. Particular attention is given to the high voltage staircase pulse generator which determines the degree of modulation of the bump. Operating experience since the start of SPS commissioning is reported.
Introduction
The 28 GeV CPS is the injector for the 400 GeV SPS. A description is given of the hardware required for generating the modulated fast bump which steers the CPS beam across the electrostatic septum. The modulation determines the turn to turn intensity of the extracted beam and the number of turns over which extraction takes place.
Lay-Out of CT Elements
The schematic lay-out of the CT elements is shown in Fig. 1 The single turn pedestal magnet is excited by a flat topped pulse covering at least eleven CPS turns. To obtain sufficient kick from the staircase magnet a two turn short-circuited design is used. The longer rise-time inherent in this design is partly offset by a shunt capacitor. The excitation pulse of the staircase magnet is created from eleven sequential steps, each lasting one CPS turn (2.1 las) and of amplitude which can be adjusted independently.
Magnets
Both pedestal and staircase magnets are window frame ferrite magnets and are installed in a common vacuum tank. Their design is conventional except for the breaking of the ferrite circuit on the vertical median plane by the insertion of a wedge shaped conductor; this lowers the coupling impedance seen by the beam. Magnet parameters are contained in Table 1 and The fast bumper system comprises identical magnets in straight sections 21 and 9 and the pulse generators for their excitation (Fig. 2) . Limitation of available CPS straight section length imposes certain constraints on the system design. A compromise has to be found between acceptable kick-strength, rise-time and reasonable pulse generator voltages. The solution adopted is the use of separate pedestal and staircase dipole magnets (named after the form of their excitation pulses). The two dipoles are pulsed synchronously to yield a total Each pedestal magnet is excited from a dedicated lumped element pulse forming network (PFN). This uses a LCR head cell to improve rise-time but is otherwise of conventional design. Switching is by EEV CX1159A thyratron mounted in a low inductance coaxial housing in the same oil tank as the PFN and its pulsed resonant charging supply. The PFN impedance of 7.6 ohm is deliberately lower than the magnet termination of 8.3 ohm to prevent reverse current in the thyratron at the end of the pulse. Some of the pedestal pulse generator parameters are found in Table 2 . Fig. 4 .
Fig. 4. Schematic of Staircase Pulse Generator
This pulse generator is the key element in the fast bumper system. It This reflection returns to the magnet and de-energises it. The second backwards going wave pattern selftriggers T12 and T13 and is absorbed in a 25 ohm terminator. In Fig. 5 The above description covers the case of a staircase composed of positive steps. Unfortunately, because of coherent beam oscillations, it is sometimes necessary to employ negative steps. In this case there is some small loss of quality of these negative steps because of the inability to trigger the associated thyratrons. This resuls in slightly incorrect step length due to PFN over-length and sometimes an unwanted drop in current lasting for the thyratron anode delay time.
The choice of PFN cable for the staircase generator is most important. The cable must have good high voltage hold-off, low attenuation and reasonable cost -properties difficult to reconcile. RG 220/U is used because it is a commercial design and has an impedance level which at the same time minimises attenuation and optimises hold-off voltage; the core is a special void free single layer extrusion. Two RG 220/U cables in parallel give an acceptable impedance for the generator and allow lower inductance connections to the coaxially mounted thyratrons than would be possible with a single cable PFN. Cable attenuation increases the step rise-time; the increase is proportional to the square of the length through which the step propagates before reaching the magnet. Cable attenuation also reduces the step amplitude; the percentage reduction depends on the form of the generated pulse but is typically about 8% for step 11. Thyratron losses further reduce the amplitude so that in practice the step 11 PFN voltage must be raised by about 11% above that needed in a loss-less system. Some parameters and operating conditions of the staircase pulse generator are listed in Table 3 and a view of part of the generator is shown in Fig. 6 . The conclusion drawn from operation to date is that the fast bumper system can meet reliably the requirements for ten or five turn extractions. There is a comfortable margin of deflecting power at 10 GeV/c. The stability and ease of control ensure a consistent quality of the transferred beam.
